Endoscopic imaging technologies, such as endoscopic optical coherence tomography (OCT), near infrared (NIR) fluorescence, photoacoustic (PA), and ultrasound (US) have been used to investigate vascular and morphological changes as hallmarks of early cancer in the gastrointestinal (GI) tract. Here, we developed two multimodality imaging systems which are integrated PA/US and integrated OCT/NIR fluorescence which can obtain layered architecture and vasculature simultaneously. In vivo imaging of rectum wall from Sprague Dawley (SD) rats with these two imaging systems were demonstrated. Both imaging systems enable the use of one imaging probe for performing two different imaging, thereby improving prognosis by early detection and reducing costs. For integrated PA/US, the architectural morphology and vasculature of the rectum wall were visualized without the usage of contrast agent, but slow imaging speed and usage of match medium are the main limitations for clinical translation. With regard to the integrated OCT/NIR fluorescence, it is able to perform high speed imaging, however the addition of contrast agent and limited imaging depth are the main concern for clinical application.
Introduction
Globally, there are ~1.4 million new cases and 694,000 deaths from colorectal cancer annually, which is the third most common type of cancer consisting of 10% of all cancer cases [1] . Previously, a clinician routinely applies endoscopy to visualize the rectum wall for diagnosis of the GI disease [2] . Due to the lack of depth information and limited sensitivity for the vascular lesion, the disorders in which early epithelial dysplastic changes are usually not clearly visible at endoscopy.
In recent decades, more and more novel endoscopic imaging technologies [3] [4] [5] [6] [7] [8] [9] have been developed to visualize the sub-layered morphology and subsurface vascular network for providing necessary information in order to assess disease stage or progress and plan treatment therapies.
For example, endoscopic ultrasound (EUS) [4, 10] imaging allows a clinician to obtain images of the GI tract and the surrounding tissue and organs with an imaging depth of ~7 mm and a resolution of ~150 μm. Endoscopic photoacoustic (PA) imaging is a non-invasive imaging modality that provides structural, functional and molecular information while maintaining a deep depth [11] [12] . Endoscopic OCT [13] [14] [15] which is capable of providing high-resolution cross-sectional images architectural-and cellular-tissue microstructure has been widely applied to image of the esophagus, stomach, small and large intestine, and biliary and pancreatic ducts. In addition, endoscopic Doppler OCT technology [14, 16, 17] has been applied in endoscopic imaging to visualize vascular networks without any exogenous fluorescent agent. However, limited by the phase stability of the system and movement from the imaging probe, the reconstructed Doppler OCT images often contain motion artifacts and have relatively low sensitivity for microvasculature.
Another endoscopic angiography technology is NIR fluorescence imaging [3, 5, [18] [19] [20] with indocyanine green (ICG), which provides high resolution microvasculature imaging and has been used clinically to observe a variety of vascular lesions, such as detecting abnormal submucosal vascularization in tumor lesions. By using different kinds of endoscopic imaging technology, the clinician is able to obtain various features of the biological tissue [6] . Therefore, in the clinic, several endoscopic imaging technologies are often needed to obtain enough features of the biological tissue for accurate diagnosis. The usage of different technologies increases the cost and time of imaging for hospitals and patients.
In our study, two multimodality endoscopic imaging systems were developed to investigate GI lumen morphology and vasculature. For integrate PA/US imaging system, it is able to perform PA In the probe, the combined beams propagate through the single mode core of the DCF, focused by a 1 Grin-lens and reflected by a rod mirror at an angle of 45°, then to the tissue surface. A micromotor was used to rotate the rod mirror at a frame rate of 100 images per second. 
Results
We imaged the rectum of a SD rat. The rat was placed in a closed plexiglass chamber into which 5% isoflurane in oxygen was allowed to flow in order to induce general anesthesia for restraint during the procedure. Following the gas anesthetic induction, the rat was removed from the chamber and an IP injection of ketamine hydrochloride (87mg/kg) and xylazine (10mg/kg) was administered through a 27G needle. After the rat was anesthetized, we performed enemas to clean the rectum. For PA/US imaging, we inject sterile distilled water as match medium to perform imaging. For OCT/NIR fluorescence imaging, ICG (1. 5mg/Kg) was injected via tail vein to target blood vessels of the rectum wall. All experimental protocols were approved by the UCI IBC under protocol #2016-3198.
OCT/NIR fluorescence imaging results
Figures 3 shows the representative combined OCT (inner) and fluorescence (outer) B-scan images of the rectum. From the OCT images, the typical layered architecture can be identified. In addition, several black holes were found, which corresponds to blood vessels. The black shadow at the 8 o'clock direction was caused by the cable of the micromotor. For fluorescence imaging, the region which contains blood vessel will correspond to a high intensity in the fluorescence images. Figure 3 Cross-sectional combined OCT and fluorescence images. White *：micromotor cable； White arrows: plastic sheath and blood clot. Figure 4 shows the representative US, PA, and combined PA/US images. The typical layered architecture indicated by white dashed box can be found. From the PA images, the signal of blood vessels can be found. Combined PA and US images provide the co-registration images, which will be advantageous over either modality alone to supplement lesion evaluation.
PA/US imaging results
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Discussion
Multimodality endoscopic OCT/NIR fluorescence imaging and PA/US are non-invasive, nonionizing imaging technology which have the poetical for the diagnosis and arrangement of GI disease. For integrated OCT and fluorescence imaging, it provides architectural morphology and molecular specifies of biological tissue simultaneously with high resolution. In addition, ICG is needed to be injected into tail vein for fluorescence imaging. For integrated PA/US imaging. For integrated PA/US, the architectural morphology and vasculature of the rectum wall were visualized without the usage of any contrast agent. Compared with integrated OCT/NIR fluorescence imaging, the imaging speed is lower and match medium is necessary, whic are the main limitations for clinical translation. In summary, endoscopic multimodality imaging has shown to have strong potential to provide a new insight into the pathology of GI disease, which considerably reduce the cost and time of imaging compared to one of these imaging technologies alone.
